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* 


Sincerely, 



Director 

Freedom of Information 
and Security Review 




Enclosure : 
As stated 



1*1 

& 


SUMMARY OF REPORT TO CONGRESS 
ON 

SHORT-TIME-OF-FLIGHT BALLISTIC MISSILES 

AND 

DEPRESSED TRAJECTORIES 


J 

Section 219 of the 1989 Defense Authorization Act 
requests that Defense, in coordination with Central Intelligence, 
provide a definition of depressed trajectories which, if used as 
the basis for an arms control agreement, would reduce the 
potential for short-time-of-flight (STOF) attacks. The Act also 
specifies a report detailing the problems of monitoring an arms 
control agreement using this definition. Our report concludes 
that the issue is not depressed trajectories per se, but STOF 
trajectories. Further, an end-to-end test of a missile system is 
not needed to develop a STOF capability, although confidence can 
be reduced if system tests which demonstrate that capability are 
eschewed. However, no definition which limits only system 
testing can prevent acquisition of a STOF capability. This is so 
because short-time-of-flight (STOF) trajectories must be short 
range, and depressing the trajectory only enhances the effect. 
Further, except for reentry, there are no significant .uncer- 
tainties connected with STOF trajectories which must be tested in 
an exact simulation of the mission profile. The reentry vehicle 
may need to be tested in the actual reentry trajectory , but 
system testing involving the whole missile is not required. 

clearly,, any rule which reliably prevents development 
of a STOF capability must constrain developmental and system 
testing, and must constrain developments not exclusive to STOF. 
Such constraints would interfere with non-STOF developments, 
would be difficult to monitor, and would likely lead to disputes 
caused by technical, albeit unintended, violations* 


(fif The Administration, sharing the Congressional concern, 
has tabled an initiative at Geneva which declares the U.S. 
intention not to conduct any flight test lasting less than 15 
minutes, whether from land or sea, of a submarine launched 
ballistic missile having a demonstrated range exceeding 500 kM. 
This initiative seeks to reduce Soviet confidences in any STOF 
system they may have. It strikes the best balance between 
reducing Soviet confidence in a future STOF system and not 
interfering with non-STOF testing. This rule should reduce 
confidence in a STOF capability while allowing legitimate system 

developments . 
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beport to congress on short -time -of - flight 
BALLETIC missiles AND DEPRESSED trajectories (0) 


I . (U) introduction 

A. % SOMMART. Section 219 of 

National Defense Authorization Ac Dir ^ tQr Qf Cen tral 
Defense, in coordination ' wit sa a re port on depressed 

Intelligence, to submit to t _j? a iies Specifically, the 
trajectory, strategic * a ^ a ** C 0 “ wha t constitutes a depressed 
Congress required a definition m i aa ile, an evaluation of 

-trajectory for a atrat ®?*° a for 3 ^^ test flights, a description 
U.S. monitoring capability flight tests qualifying as a 

of all past 0 .». £*£££ '£Er ^fd.fLiti» and finally, 

test of a depressed ** a 3®®;° r * iets couid confidently deploy 
a judgment as to whet er testing. The underlying 

concern^of^th^Congres^as indicatad^n^the^legislation is 

strategic" aircraft^^ocher strategic assets" whose .utility 

depends upon timely warning of attach. 

(l/) jrf The Adminrstretion s^es ^Congress' s^onc.rn 

about the adverse impact that p effectiveness, of. 

flight (STOF) capabilities could strategic- 

future U.S. strategic forces . In add ^°£; potent ial for STOF 
stability could be enhanced by P A S T0F initiative 

attacks on U.S. and at * a * ? s initiative on Verification 

has been included as part of t * Sovieta i n June 1989. 
and Stability Measures P r °P° a ^ssiles is frequently equated with 
Although the threat from factories, the terms are not 

’ the technology of depressed flight can only be achieved 

synonymous: threat *"^ ies . depressed trajectories need not 

dav«lopmsnt°of s 5 Sr°cap^ilities generally, irr.sp.cciv. of th. 
technical method employed. 

(U) Notwithstanding ^^^^provide a definition 
“‘d^r^^d^fa^ccorres. Therefore, in replying to Congress, 
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a ub*iect of depressed trajectories and then 

consider^the^bro^er^approach of ^administration. 

B. (0) OUTLINE . ^e outline of this paper is^asjollows: 

Section II provides a definition o e P* e * araara phs (a) and (b) 

provides answers to the points raise ** tv which one may 

of section 219. Section III reviews the ■ »»»^ion IV discusses 
achieve a short-tame-of-f laghi trajectories and the requirement 
testing requirements for . Then paragraph (a) of 

for an end-to-end system demon ^ r ^t°"* section V in the 

the congressional tasking is a ST0F deV elopment. 

context of the U.S. initiative to limit JTOI Section 

Paragraph (b) of the tasking is Soviot adasile testing to 

--VI discusses U.S. capability trajectories. Section VII 

detect development and^testai^ ^ ^ contex t of the initiative. 

Sectaon VIII discusses the possibilities o^th. Soviets^ ^ ^ 
initiative . ^ 5££T SectCn^simmarir.s the conclusaons. 
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(a) 


Recju©st for Definition 


XX. (U) RESPONSE TO SECTION 219 

A. (U) Response to paragraph 
of Depressed Trajectory. 

! (U) A depressed trajectory may be one for' 

the initial ' flight direction for the ‘^^^sso^iat^ “tfa ? 
is less than (below) thau * 1C * range from insertion to 

minimum energy trajectory or Haoressed trajectory will 

reentry . With this neither a necessary 

invariably reduce overall flig potential for a short- 

or sufficient condition for reducing the potential c 

time-of-flight attach on strategic aircraft or ot 

2. 12“* 

above, are a regular aspect forces Banning the testing 

Soviet strategic ballistic mis profound effect on current 

of depressed trajectories would have a protoun 

U.S. and Soviet testing practices. 

B . (U) Response to paragraph (b) , Report on Depressed 
Trajectory. \ 

i. J&wiwTM} Ability ^ f ^^^fc^ tect 

The Intelligence oommunityhashigco significant way from 

testing of trajectories which differ in any 
minimum energy trajectories. 


2 . 


(^/Mr/WNITJTJLL) C 


Z7 


</) The U.S. tests its ”“Hi^l!Sg°=onditions 
on^on^trajectory^hich^they^would to encounter on 

another . CZ, 

. 7 
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' . . , utv confidence wil J\ 

3. on 

£2 c 

22 ^ 1 ^^ 

would probably • te confidence. 

order to obtain »£f sueb testing, 
systems may not nee 
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XXX. on mjg ^r^ ile 

in the silo or launch tube required to deliver 

Usually t this energy is x t tjke excess energy is then 

a given payload to a ^"^naer t!me-of -flight, 
available to achieve either 9 mu3 t be wasted. 

time-of-f light for a a !*f-flight options may be required to 

(Either or both of the r0 rtain kinds of missile 

carry out structured attacks o be 3 imply wasted by 

defenses.) Alternatively, the e ner gy or b y terminating 

flying a so-called energy man 9 view of this report, the 

thLst early. Seen from the point of ^ short -time-of -flight 
first thing that must be o£ tba t needed to fly the 

capability is to gain energy in d in an existing system 

- range to the target. This is ac=°“P or by mo vmg 

' either by reducing tte payload UCBMs e is available, then 

li^L^garedTnTn^of -ays to be discussed below. 

A. & rXAXKC 10 f - rS "-rf4 0 ^fifgl^»r in 

Reducing Ang« totargetisthe” ^, le will illustrate the 

reducing flight time. The A ^ s sile traveling 5000 

relationship between tenge and ‘ will re ach its target 

miles along the minimum-energy traoect ry ^ ^ 2S(J0 mllM 
in about 33 minutes. Reducing _ t0 ry reduces the flight 

hut still flying s -“: an " gY f act, ’range and time are roughly 

proportional for all ballistic trattorias . 

B. ttn DEPRESSED ^^““ti-to^ 

depressed trajectory is define -ajectory requiring the least 
energy trajectory, v1 *;' iny trajectory for that missile 

eneroy to reach a given range. Any ^ . is referred to as 

which falls under the minimum-energy t 3 ^©ve it i3 called 
' decreased and any trajectory which fl^ . t ^ doe s not result 

f&lFigure 1). ™ S^SoSe, -ill produce 

- in the minimum flight tim . * b the ainimum-energy 

Sjiss-^sriSS '^ 22,2 achievin9 the 101,9 

times for a given range. 

(U) If we consider the ©cto^angle by half, 

range at 5000 miles while reducing 3 minutes, a savings of 

the flight time drops from 33 minutes to 

3ECRKT-NOF0!!iI-W HIHTZL 
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»oain « ould not 

about 25%. 

reduce the ^“^ectory approaches 

saturates as the that 

tbe two p °2 th. srssrnrs tsr-. 

threatening ' ^ 

is istcss;- -snu.’sur 

areas directly o* s 

t0 their surreal. cro ry shaping gf , 

>{j. saw® TBXJECTOKIES ^ ^ fli^t^ 

- C . (?) H r technique f° vra-iectory fo*® era « of 

-constitute* an© . The re is n ° ° n ° pother, the eJtC ®*? icle 0 <V> 

ballistic shaped trajectory. ^ the reentry ^ eCt ory. 

qualifies a be use d to aC ^ direction of the incr easing 

fc f rrtr r p a "-d/or ch^heJ,r a3 effect of fr - 

along rts p oy along the P orevents the - t ; n g 

Accel !!^ in9 D eflecting the *£ ory used in K* ^ h e e and then 
the range. d« on trajectory over afte r apog 

overflying- ^ tbe missile sharp t _ r 

involves P£^ v ,rd the target <*«». 
thrusting down . 

, • ' 

some degree time needed ai_anifi can ^" 

-Fiiaht because th becomes a sign burning 

a short-range ^ ioyme nt sequences b ^ ^ed 

guidance, f^he total time of f ^pable. STOF 

fraction of d le g is a l« ost 1 ca ^ further enba ^ hieve d from 

ss? ~ ■*. - 

which the shaping 


sacMy-sorow-*™*® 11 - 
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.^■or-mas jsggsa- 

V. (O) I 85 ’ . described above, the 

& Notwithstanding the^onoius^ c °”““^po«aht that 

administration date j ector ies «»® S'** restrictive or complex 

sos^in^ieti^^^^Ss^ibe^certain^maneuver* ^Srel^ecaiise 

ss^ss s’5^'.s-uq v -S-»„r^5“ s*~ 

sss: %-^ss- 4SS~j. 

endless disputes violationa . jme-of-fliS** which 

possibly ^°^ es almost as short as t^ advertiae s that 
_ testing at t vulnerable, a.n e believe that any t 

- s=r- “3rrr. r^r. 

simplest possibl ve rif ication and 

#> AS o£ Ration hafproplsed SfS^ Mth 

Stability, the Ad»ani*“ st ^ e 0 s . STOPproposal^ (launch to 
testing STOP firings of less p^SHTfSouse. 

sides forego : reentry vehicle) • have the capabi 

tTefy on f^ because otly these f , eir target » on 

r 0 le b e^aunched at relativelv ?piie3 testing of St^ ^ ^ are 

Additionally. hhi=^« 3 having maximum range 

Specifically excluded. soviet oni 0 „ 

■ ^veSr"Sther t«.ting e andtthus ^is proposal^^. vlhile 
land capaba.la.tie t 0 .s. 3trate9 i C ri P a t less than 15 minute 

- So ^ e s a ent i al^ and could be — ‘ 
fliaht time, a* 00 - 
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O.S. AND SOVIET FLIGHT TEST EXPERIENCE. 


(WHT/ffl W M'TEl ,) Both the U.S. and Soviet SLBM flight test 
programs have had tests in the region proscribed by the U.S. STOF 
initiative. It is of interest to note that both have on occasion 
also tested in the region proscribed by the more detailed and 
restrictive formula set out in the Nagle-Doman amendment to the 
vetoed version of the 1989 Defense Authorization Bill. T is 
formula sought to ban any trajectory satisfying: 



300 nm < R < 

500 nm, 

and T < 4 min? 

or 

500 nm < R < 

1500 nm, 

and T < 12 min; 

or 

1500 nm < R f 

and T < 

. 015 ( . 323R + 316) 

Where 





r » range, 

T * time of flight. 


( S /JJF/WI5INTEL ) 
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Figure 4 sketches in U.S. SLBM flight te *^“?, hist0ry ' 
Test ^asea w hi ch most closely approach the c ° n gne3 modem 

definition are indicated by numbered arrows. In c 3 “«al^ mo 

T T T- ?sr«T.... 

indicated as the LABV. The reentry angle was 5 degre ^ ^ 

range was 4000 miles, the flight duration was 21 minutes, an 
test point fell below the Nagle-Doroan line. 

(U) The U.S. has used rochet systems similar *° JHJ* ® L 8 J h 
• _ a. he _, at and dad plans to do so again m the near future. The 

Athena booster was used at the White Sands Missile 

late 1960s for KV and penaid developmental gat her 

from Wake Island to Xwa jalezn Atoll in the ea y 

f or ABMMStems design. The Athena booster was also flown 
£2 JSl" Island. Virginia, by the Defense Nuclear Agency to 
test nose tips for weather erosion. The SDIO P^ 3 „ ±i t 
surplus Polaris parts to launch test vehicles from Hawaii 
Kwajaleinthis year. A point representing the Athena tests as 

shown on Figure 4 . 
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VIII. (U) 

£ T "li STOF^apai^lities^b^restricting S^pti^e 

testing on a STOF trajectory, ^though it *® “ lasting 

confidence in STOF capability, ® deployed missile 

less than IS minutes would not guarantee soLshort-tim.-of- 
does not have a reliable STOF capability. 

flight capability may still be acil rtial flight testing 

testing under 15 “ nu tes. For examp^r cq P c tion with computer 

of shaped or d «P r *»*®^ ^ deve iopment of a future STOF-capable 

simulation could permit the P eale system test from 

ballistic ^^t^theT^ high level of 

“ ^co^i-c^^nSllscale test could 

certain ^^.“^LStn^n'S^nould be sufficient to 
deter relying- upon STOF systems in an attach. 

% Even without special trajectories, 3 S^thil. 
SLBMs 4ired to short-ranges could a , t b@ pre -tested. 

flying minimum-energy trajectories whic * ^ ie £ 3 from 

* 15 -minute STOF -traction c-^event ^Sova.tsJ^ 

taking advantage of thas by deploy g ^ controi , 0 „i y coastal 
SSBN*exclusion* aones*can address -is ~ The 0£ - 

and would significantly interfere with standard^O^^ 

operations. In wartiae f tlie coas Soviet submarines in 

■best be dealt with by attempting to sank all Soviet sunma 

this area during the conventional phase of hostala 

'fj. «. note the possibility that a STOF test could 

£ , test failure given the possible similarity an 

be masked as a test taiiu g a prohibited STOF test and 

time-of-flight^and traje ry ^ a jigni£ican t monitoring 

problem^'which^as^fifet r.co^iaed during the SALT II discussions 

on STOF and has not yet ^ /^re^'jSotirt'sLBM failures 
illustrate the problem, there ^ vio i at «d the 
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^ ii 1 . The underlying 

STOF proposal tabled by ^ 0 ^ intentional failures could be used 
concern is that contra conditio „ s and thus aid xn the 

development^o^ptohibited STOF capabilities. 

/ Finally, it 1 ^^\r“nu^ t wo^“=t a «a^oJi«t 

SLBM flight tests of less than have already certified 


within the proscribed area. C 



~* modern S I i HM s in 

1 "Each party undertakes not to > f “ 0 ri«* refers 

depressed trajectories. ^ v ^2 cie e f a modern SLBM for 

to the trajectory of “ y * x than 275 Km or is less than the 
which the apogee either ^ les Q987 ^ the range in 

sum of 146.7 Km and the product of 0 .0 flight test- 

kilometers of that reentry vehicle .to 
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IX. (U) CONCLUSION 

The U.S. initxatxv^egar^n^ahorts minuteg would 
testing by eliminating effort to develop a STOF 

increase uncertainty in any adverse i y affecting U.S. test 

capability. It would , The u.S . STOF inxtxatxve 

practices or 5or developing this type of 

does not address all possxble a taats in a non-system 

technology and, particularly^ conp^ alternat iv.» to actual S1EM 
environment. However, would not engender the same hxgh 

flight testing below 15 mxnut ull - aca ie end-to-end testxng. 
level of confidence provxded by STQr capa bilities would be as 

-However, since th* * r ^ C a P preenrpt ive attack, it may be uni j^ y 
a "precursor weapon xn P ®“*P reliability in a weapon that 
tha? a cheater heat program which 

had not undergone a comply . SSB « For these reasons, 

include, at-... te.u. from a aubmerge^SSW . ^ confid . nce 

the O.S. sror “™ted, would enhance strategic 

building measure whxch, xf acc p 

stability. 
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